Numbers of acidophilic thiosulphate-oxidizing and iron-oxidizing thiobacilli in the River Sirppujoki (S.W. Finland) were monitored through one annual cycle. A number of physical and chemical environmental variables of the river water were determined (temperature, discharge, pH values, titratable acidity, and concentrations of manganese, iron and sulphate). Thiobacilli in river water appeared mainly to have been washed in from the soil. Once in the river a slow loss of viability occurred, strongly influenced by the temperature. The methods for quantitative colony counts of acidophilic thiobacilli were deemed unsatisfactory.
I N T R O D U C T I O N
Thiobacilli, particularly the acidophilic species and the iron oxidizers, are supposed to be the most important group of micro-organisms involved in the oxidation of inorganic sulphur compounds to sulphuric acid and are indigenous in acid, sulphur-containing soils (Burns, I 967 ; Kelly, I 97 I).
The present study deals with the occurrence of acidophilic thiobacilli and iron-oxidizing thiobacilli in a river in which the acidity was seasonally increased by the ingress of acid runoff waters from the catchment area. Some physical and chemical factors which are assumed to be directly or indirectly associated with thiobacilli were also determined.
M E T H O D S
Study area and sampling sites. The River Sirppujoki (60" 50' N, 21' 30' E), with a catchment area of 430 km2, runs through the coastal plain of S.W. Finland where the soil is mainly ancient sea bottom characterized by clay with a high sulphide content (Purokoski, 1958) . A further characteristic of the system is the lack of regulation by large lake basins making the stream-flow very responsive to variations in surface run-off. Seasonal variation of the acidity of the waters in the district has been reported (Isotalo, 1971) .
The sampling sites ' 0 ' and '2' were situated on the Sirppujoki itself and site ' I ' on an acid tributary. During the observation period the pH value of the main stream occasionally dropped below pH 4-5 whereas in the tributary, pH values below 4.5 were the rule.
Sampling. A total of 22 sampling dates were evenly spaced throughout a nearly complete annual cycle from July 1969 to May 19-70. Duplicate water samples were brought to the laboratory in Helsinki (distance 250 km) for analysis. The time between sampling and cultivation of bacteria varied between 24 and 28 h.
Acidophilic thiobacilli. Difco Thiobacillus-Agar (pH 4.8) was used for colony counts of General considerations. The observations at sampling site ' 2 ' were limited to bacteria and pH values. Considering that stations ' o ' and ' 2 ' are situated on the main stream, not very far apart, the bacterial results were combined into geometric mean estimates of the bacterial density. This is particularly valuable in case of the MPN estimates which then approach the precision of the usual 5-tube MPN. Justification for averaging the bacterial counts came from the observation that the pH value was almost exactly the same at the two stations, with a correlation coefficient of + 0 y j 2 . According to this measure the physical environment at the two sampling stations was so similar at all times that very little advantage could be expected from separate treatment of their data.
RESULTS
The variation of the principal physical environmental factors during the study period is illustrated in Fig. I . The seasonal pattern of discharge was very similar at both sampling sites; the first peak being due to autumnal rains and the second due to snowmelt. The cycles of discharge and temperature were so dissimilar that their effects on other variables are mathematically separable.
The two comparable measures of acidity, pH value and the logarithm of titratable acidity were highly correlated at sampling site '0' (Y = -0.954). At site ' I ' the correlation was much poorer (r = -0.257) and may result from a smaller overall variation of both pH value and phenolphthalein acidity at that site. Nevertheless, either variable can be selected as the measure of environmental acidity, and the pH value was finally selected because some observations on titratable acidity were missing. As variations in temperature have a strong influence on biological activity, and as the discharge volume affects all measurements in river studies, the results are presented in the form of four correlation matrices : the partial correlations with temperature and discharge alternately held constant, separately for the two sampling sites (Tables I, 2 ). In order to reduce the variability, and to equalize the variance of the bacterial counts, the logarithm has been taken for all variables except pH values and temperature. thiobacilli or on the MPN count of iron oxidizers (Tables I, 2 ). In theory, thiobacilli numbers and acidity should be closely connected, but such a correlation was not detectable. At station '0' the main stream, the numbers of iron-oxidizing bacteria were significantly correlated with discharge rate and pH value at constant temperature ( Table I) and with temperature and manganese concentration at constant discharge (Table 2) . A final refinement was made by calculating the partial correlations between variables, with both temperature and discharge effects simultaneously eliminated (Table 3) . After this there remained no dependence of bacterial numbers on any of the chemical or physical variables, and all bacterial variation can be explained by the variations in temperature and discharge rate.
It should be stressed that plate counts of acidophilic thiobacilli did not correlate with any of the environmental variables at any stage of analysis. The plate count method may be Thiobacilli in the River Sirppujoki inadequate. Not all the thiobacilli, capable of oxidizing thiosulphate at pH 4.8 or below, can necessarily produce colonies in or on the thiosulphate-agar medium. This doubt has arisen from the observation that the growth of iron-oxidizing thiobacilli is strongly inhibited in a pH-dependent manner by most brands of commercial agar (0. H. Tuovinen & D. P. Kelly, unpublished data). The somewhat surprising lack of significant correlations between bacteria and environmental variables at the acid tributary (site ' I ') might be explained if the interrelations (Fig.  2) were too complicated for significant effects to emerge from such limited data as were available. It seems that the relation between discharge and bacterial numbers may be different during different times of the year, but the data are hardly sufficient for a detailed analysis.
The most important positive finding of this study is presented in Fig. 3 , which illustrates the variations in number of iron oxidizers, discharge rate and pH value with time at sampling site '0'.
D I S C U S S I O N
The close connexion between bacteria, discharge rate and acidity in the main stream of the Sirppujoki (Fig. 3) indicates a passive transport of both bacteria and acidity from the surrounding soil into the river by incoming waters. Such a close connexion between discharge rate and bacterial numbers seems to occur also under other circumstances when bacteria in a body of water are derived from soil by run-off waters (Kunkle & Meiman, I 967 ; Korkman, 197 I).
Significant positive correlations with either temperature, amounts of nutrients, or amounts of metabolic products could be interpreted as positive evidence for biological activity. None of these can be found in the present case, which indicates that thiobacilli
